Introduction
============

Traditionally, PD is characterized as a movement disorder and neurodegenerative disease. However, PD patients may exhibit marked cognitive decline and emotional impairment in the moderate and advanced stages of the disease.[@b1-ndt-13-2891] Characteristic pathological changes in PD patients include degeneration of the substantia nigra and loss of dopamine. These changes affect the neural circuits from the basal ganglia to the thalamus and prefrontal cortex, which are associated with movement, and cognitive and emotional functions.[@b2-ndt-13-2891]--[@b5-ndt-13-2891] In addition, other important brain structures, such as the amygdala and cingulate cortex, are involved.[@b6-ndt-13-2891]

Accurately understanding the emotional intention of others is very important in interpersonal communication. Emotional recognition dysfunction impairs interpersonal relationships and lowers quality of life. As PD progresses, patients are more dependent on their caregivers. Complete emotional cognitive ability is necessary to maintain close relationships. Emotional cognition includes the recognition of emotional faces and voices. PD patients show varying degrees of decline in these two aspects, and this decline is closely associated with age, gender, disease duration, and drug use.[@b7-ndt-13-2891]--[@b9-ndt-13-2891] However, the decline of emotional recognition ability is unrelated to dementia or depression status.

In addition, emotional expression ability, including expression of emotional faces and voices, is decreased in PD patients.[@b10-ndt-13-2891]--[@b12-ndt-13-2891] A proportion of PD patients cannot exhibit emotions or exert normal control over their throat muscles. Rusz et al suggested that the reduced ability to vocally express emotions can be found even in the early stage of PD.[@b13-ndt-13-2891] Electromyography studies have recorded delayed onset and reduced amplitude of facial muscles when patients spontaneously mimic the facial expressions of others.[@b14-ndt-13-2891] The inability to express emotional intentions and feelings in verbal or nonverbal communication is called emotional dysprosody.[@b15-ndt-13-2891] Low volume, flat and nonemotional pitch, and abnormal speech rate are characteristics of the speech of PD patients.

PD therapies include anti-PD medicine and surgical intervention. However, drug therapies are only effective for the early stage of PD. For moderate- and advanced-stage PD patients, DBS is an effective treatment that can considerably improve motor symptoms. However, surgeons have different opinions regarding target selection in DBS. The most commonly used targets in the clinic include the STN and globus pallidus interna.[@b16-ndt-13-2891] Although this supposition has not been confirmed, STN-DBS may lead to acquired deficits in emotional processing.[@b17-ndt-13-2891],[@b18-ndt-13-2891] To understand the baseline emotional state of DBS candidates, we recruited a group of pre-DBS patients in this study.[@b12-ndt-13-2891]

Since both emotional recognition and expression are impaired in PD patients, we hypothesized that these two aspects may share a common nervous system. In addition, another important question is whether facial emotion deficits and vocal emotion abnormalities are associated in pre-DBS PD.

We chose five basic human emotions: happiness, anger, sadness, fear, and neutral. Based on previous studies, two other basic human emotions, disgust and surprise, were eliminated because the recognition rate of these two emotions is relatively low.[@b19-ndt-13-2891],[@b20-ndt-13-2891] The aim of this study was to explore emotional processing in advanced PD patients who were candidates for DBS using two sensory modalities (visual and auditory). These results will provide insights into the mechanisms of emotional processing alteration and DBS in PD.

Methods
=======

Participants
------------

A total of 15 PD patients who needed DBS surgery in the People's Liberation Army General Hospital were recruited as participants. The average age was 61.73 years (SD=8.59), ranging from 50 to 75 years. The number of average education years was 8.8 (SD=3.30). The inclusion criteria were as follows: a diagnosis of advanced PD; poor symptom control using dopaminergic replacement therapy; issues affecting normal work or life; absence of cognitive dysfunction or dementia (score \>26 on the Mini Mental State Examination and \>24 on the Montreal Cognitive Assessment); and absence of depression (diagnosed according to the Hamilton Depression Scale), anxiety (diagnosed according to the Hamilton Anxiety Scale), or other psychiatric or brain organic disease. Fifteen healthy, age- and gender-matched controls were recruited as the control group. The average age was 61.67 years (SD=7.75), ranging from 45 to 70 years. The number of average education years was 8.6 (SD=3.25). We also tested the control group using the cognitive and mental scales to exclude cognitive dysfunction or other psychiatric states. All participants' data were collected carefully. For patients, clinical data, such as disease duration, levodopa equivalent daily dose, Unified Parkinson's Disease Rating Scale score, or Hoehn and Yahr staging scale, were also included. Group differences in demographic, neuropsychological, and clinical characteristics were analyzed with an independent two-sample Student's *t*-test.[@b21-ndt-13-2891] The results are shown in [Table 1](#t1-ndt-13-2891){ref-type="table"}.

Procedure
---------

The experimental procedure contained three main experiments. The first experiment included emotional facial recognition and facial expression. The second experiment focused on emotional vocal recognition and vocal expression. The third experiment was concerned with emotional facial and vocal expression perception. The whole experiment was conducted in a quiet, softly lit room. All patients took anti-PD drugs before the experimental procedure ("on" medication state).

Experiment 1: emotional facial and vocal recognition
----------------------------------------------------

All participants (PD and HC) were assessed by the KDEF database 50 Faces Recognition test.[@b20-ndt-13-2891] Face pictures of 10 actors expressing five basic emotions (neutral, happiness, anger, fear, and sadness) were randomly presented on a computer screen, one at a time. The participants were asked to distinguish the correct emotion from a five forced-choice response format. RT was unlimited due to the movement disorder symptoms of the PD patients, but we encouraged the participants to make their choices quickly. The test provides scores out of 10 for recognizing each basic emotion and yields a score out of a maximum of 50 for recognizing all five emotions. To better understand the recognition test, participants were asked to describe each emotional type before the test.

Vocal recognition was evaluated by the MAV database 50 Voices Recognition test.[@b22-ndt-13-2891] Similar to the facial recognition test, five basic emotions (neutral, happiness, anger, fear, and sadness) were included. These nonverbal vocalizations of 10 actors were randomly played, one at a time. The participants were then asked to listen to each recording carefully while wearing headphones at a comfortable volume level and make a choice in a five forced-choice response format. The participants were also asked to describe each emotional type.

All trials were run with E-prime 2.0 software. Each trial sequence consisted of 1) the presentation of a fixation cross on the center of computer screen for 1,000 ms, 2) display of a picture or voice, and 3) a five forced-choice response format, indicating that an emotion judgment decision should be made.

Experiment 2: emotional facial and vocal expression
---------------------------------------------------

For the emotional facial expression task, the participants were asked to imitate five basic emotions (neutral, happiness, anger, fear, and sadness). A video recorder was fixed in front of the participants, and the frame included their faces, hair, and shoulders. Each emotional imitation process was recorded for at least 4 seconds. Four pictures were captured for each emotion and then numbered. One picture best expressing an emotion was chosen by two authors. Another author was included if the two authors held different opinions. However, the first picture was selected if all four pictures did not express emotions. To ensure that the participants understood the task, the first author asked the participants to describe an example for each emotion.

Similarly, the subjects were required to express nonverbal voices of five basic emotions. The recording processes occurred under the same condition, and the recording parameters were consistent (sampling rate at 48,000 Hz, mono channel, resolution ratio at 16 bits). The materials were recorded using Adobe Audition 3.0 software as the operating platform and were edited into sound files in WAV format. The duration of the sound files of each emotional type was 1 second. To meet the demands of noise reduction, a 6-second blank section was recorded before each recording process. To ensure that the participants understood the task and had adequate expressive abilities, we described an example of a scenario for each situation ("What do you say when you feel happiness, sadness, fear, anger, and neutral?"). The structure of the nonverbal voices here was similar to the MAV database used in experiment 1.

Experiment 3: perception of emotional facial and vocal expression
-----------------------------------------------------------------

Fifteen Chinese native speakers were recruited as decoders (eight males, seven females). The average age was 26.88 years (SD=2.09), and their ages ranged from 25 to 30 years. They were all graduate students in the People's Liberation Army General Hospital and had been living in the People's Republic of China since birth. The average number of years of education was 20.27 (SD=0.88). Their native language was Chinese, and their second language was English. They had normal hearing without any nervous system disease and related medication history. All participants volunteered free of charge. These decoders evaluated the expression of the two groups (PD and HC) while sitting in front of a computer screen at a distance of 60 cm. The 15 decoders were blinded to the diagnosis.

The pictures were divided into two groups (PD and HC). Then, each picture was randomly presented on a computer screen, one at a time. The decoders were required to identify the emotional type in a five forced-choice response format (neutral, happiness, anger, fear, and sadness). The decoders assigned one point for a correct response and zero point for an incorrect response. The RT and accuracy rate of each decoder were calculated. The decoders were also asked to rate their CL for each choice (five points, very high; four points, high; three points, mild; two points, little; one point, very little). Furthermore, the authors offered an alternative option "zero point" if decoders had no confidence in their choices.

For the perception test of emotional vocal expression, the experimental procedures were analogous. Three parameters were calculated, including RT, accuracy rate, and CL. Volume was adjusted to a comfortable level before the vocal perception test.

When analyzing the test results, we needed to examine the reliability of the accuracy rate. Additionally, interrater reliability was assessed by calculating Cronbach's alpha.

All perception trials were run with E-prime 2.0 software. After the perception test of emotional facial expression, the decoders had 5 minutes of rest before the vocal perception test.

Ethical considerations
----------------------

The ethics committee of the People's Liberation Army General Hospital approved the research protocol. All participants agreed to participate in the study and signed the informed consent form.

Statistical analysis
--------------------

KDEF sub-scores were analyzed by ANOVA with a 2×5 factorial design (between-subjects factor: PD and HC; within-subjects factor: neutral, happiness, anger, fear, and sadness). Two separate 2×5 ANOVAs were performed for the variables CL and RT, with "group" (PD and HC) as a between-subjects factor and "emotion" (neutral, happiness, anger, fear, and sadness) as a within-subjects factor. The linear relation between CL and RT was also analyzed. We designed analogous statistical analyses to evaluate the test of vocal recognition and the perception of facial and vocal expression. To determine the differences between groups, post hoc unpaired *t*-tests were performed. Before variance analysis, tests of normality and homogeneity of variance were applied. Mann--Whitney *U* tests were used if the normality and homogeneity of variance assumptions were not satisfied. *P*-values ≤0.05 were considered statistically significant.

The relationship between facial emotional recognition (KDEF total scores and sub-scores) and facial emotional expression (facial expression total scores and sub-scores) was assessed by Pearson correlation tests. Similarly, Pearson correlation tests were used to evaluate the relationship between vocal emotional recognition and vocal emotional expression. In addition, to determine whether a relationship exists between two sensory modalities (visual and auditory), we separately analyzed the correlation between facial emotional tasks (recognition and expression) and vocal emotional tasks (recognition and expression) using Pearson correlation tests. However, the data were analyzed by Spearman correlation tests instead of Pearson correlation tests if normality assumptions were not satisfied. All statistical analyses were performed using the SPSS 17.0 software package.

Results
=======

Emotional recognition in PD and HC
----------------------------------

For facial emotional recognition, the ANOVA revealed significant main effects of the factors "group" (*F*\[1,99\]=12.733, *P*=0.001; [Figure 1A](#f1-ndt-13-2891){ref-type="fig"}) and "emotion" (*F*\[4,99\]=24.637, *P*\<0.001; [Figure 1B](#f1-ndt-13-2891){ref-type="fig"}), with no significant interaction between the two factors. For vocal emotional recognition, significant main effects of the factors "group" (*F*\[1,99\]=6.673, *P*=0.011; [Figure 1C](#f1-ndt-13-2891){ref-type="fig"}) and "emotion" (*F*\[4,99\]=32.102, *P*\<0.001; [Figure 1D](#f1-ndt-13-2891){ref-type="fig"}) emerged with the ANOVA, with no significant interaction between the two factors. Post hoc *t*-tests revealed significantly lower scores for the KDEF sub-score of sadness in the PD group than those in the HC group (*P*\<0.001). The MAV sub-score of neutral in the PD group was lower than that in the HC group (*P*\<0.001). There were no other significant differences between the two groups (all *P*\<0.05). The results are shown in [Table 2](#t2-ndt-13-2891){ref-type="table"}.

Emotional expression in PD and HC
---------------------------------

The Cronbach's alpha values in the perception test were all higher than 0.90, indicating the accuracy rate results had high interrater reliability. For facial expression, we found main effects of "group" (*F*\[1,149\]=9.022, *P*=0.003; [Figure 2A](#f2-ndt-13-2891){ref-type="fig"}) and "emotion" (*F*\[4,149\]=12.291, *P*\<0.001; [Figure 2C](#f2-ndt-13-2891){ref-type="fig"}). These results were significantly different. For vocal expression, there were significant main effects of "group" (*F*\[1,149\]=5.348, *P*=0.022; [Figure 2B](#f2-ndt-13-2891){ref-type="fig"}) and "emotion" (*F*\[4,149\]=10,467, *P*\<0.001; [Figure 2D](#f2-ndt-13-2891){ref-type="fig"}), and these results were significantly different. Post hoc *t*-tests revealed that vocal expressions of neutral and anger were less recognized by the PD group than by the HC group (*P*\<0.05). There were no other significant differences between the two groups (*P*\>0.05). The results are shown in [Table 3](#t3-ndt-13-2891){ref-type="table"}.

RT and CL in the emotional expression test
------------------------------------------

As the normality and homogeneity of variance assumptions of RT and CL were not satisfied, Mann--Whitney *U* tests were used for the analysis. The overall RT of the PD group was significantly longer than that of the HC group in the vocal emotion expression test (*P*\<0.05) ([Figure 3C](#f3-ndt-13-2891){ref-type="fig"}), while the overall RT was similar between the two groups in the facial emotion expression test (*P*\>0.05) ([Figure 3A](#f3-ndt-13-2891){ref-type="fig"}). Post hoc Mann--Whitney *U* tests revealed a significantly longer RT for the facial emotion expression test of happiness and fear in the PD group than that in the HC group (*P*\<0.05) ([Figure 3B](#f3-ndt-13-2891){ref-type="fig"}) and for the vocal emotion expression test of neutral and happiness in the PD group (*P*\<0.05) ([Figure 3D](#f3-ndt-13-2891){ref-type="fig"}). The RT for other emotions did not differ between the two groups. The results are shown in [Table 4](#t4-ndt-13-2891){ref-type="table"}.

The raters were more confident in their choices when evaluating HC pictures and voices than when evaluating PD pictures and voices (*P*\<0.05) ([Figure 4](#f4-ndt-13-2891){ref-type="fig"}). The results are shown in [Table 5](#t5-ndt-13-2891){ref-type="table"}.

Spearman correlation analysis showed a weak correlation between RT and CL not only for facial emotional expression in the HC group but also for vocal emotional expression in the PD and HC groups (all *P*\<0.01) ([Figure 5A, C, and D](#f5-ndt-13-2891){ref-type="fig"}). However, no relationship was found for facial emotional expression in the PD group (*P*\>0.05) ([Figure 5B](#f5-ndt-13-2891){ref-type="fig"}). The results are shown in [Table 6](#t6-ndt-13-2891){ref-type="table"}.

Relationship between emotional recognition and emotional expression
-------------------------------------------------------------------

When considering all participants between the two groups together, the Pearson's correlation analysis revealed a significant relationship (facial recognition task and vocal recognition task: *r*=0.436, *P*=0.016 \[[Figure 6A](#f6-ndt-13-2891){ref-type="fig"}\]; facial recognition task and facial expression task: *r*=0.436, *P*=0.016 \[[Figure 6B](#f6-ndt-13-2891){ref-type="fig"}\]; vocal recognition task and vocal expression task: *r*=0.891, *P*\<0.01 \[[Figure 6C](#f6-ndt-13-2891){ref-type="fig"}\]; facial expression task and vocal expression task: *r*=0.391, *P*=0.033 \[[Figure 6D](#f6-ndt-13-2891){ref-type="fig"}\]). The results are shown in [Table 7](#t7-ndt-13-2891){ref-type="table"}.

Discussion
==========

Compared with HCs, PD patients exhibited impaired emotional recognition and expression. Although not confirmed, alterations in brain areas are responsible for altered emotional processing, including recognition and expression. Brain areas such as the amygdala, prefrontal cortex, and the basal ganglia are involved. Studies have found that the amygdala and orbitofrontal cortex are associated with fear conditioning.[@b23-ndt-13-2891]--[@b25-ndt-13-2891] In addition, diminished motor function may further contribute to impaired emotional expression processing. Delayed onset and reduced amplitude of facial muscles has been recorded during facial expressions.[@b14-ndt-13-2891] Throat muscles have also been found to be impaired in PD patients.

However, this impairment was not emotion specific, as each subject differed from the others. Inconsistent with previous research, PD patients exhibited a more extensive decline in emotional recognition and expression tasks, including negative (anger and sadness) and neutral emotions.[@b8-ndt-13-2891],[@b9-ndt-13-2891],[@b26-ndt-13-2891] The conflicting results were likely due to different methodologies and confounding factors (cognitive impairment and depressive state). When we controlled for these confounding factors, the results were consistent.[@b10-ndt-13-2891] In our study, there were no significant differences in neuropsychological characteristics between the two groups. Therefore, higher deficits in emotional processing in PD should be expected to be associated with increased pathological changes in additional anatomical structures as PD progresses.[@b27-ndt-13-2891]--[@b29-ndt-13-2891]

In addition, the participants' RT was correlated with their level of confidence in the emotional expression task. As expected, a shorter RT in evaluating the expression tasks resulted in a higher CL, in both the PD and HC groups.

Pearson's correlation test revealed a relationship between the ability to recognize emotions and the ability to express emotions in both facial and vocal emotion tasks. In a recent kinematic study, Bologna et al[@b11-ndt-13-2891] did not find any correlation between emotional recognition deficits and altered facial emotion expression kinematics in patients, suggesting that these abnormalities are mediated by two separate pathophysiological mechanisms. The emotional recognition test used in that study was similar to the one used in this study, although the facial emotional expression methods were different. We believed that different methodologies led to the inconsistent results, since facial expressions of emotion were recorded using a three-dimensional optoelectronic system and analyzed using a facial action coding system in that study, while emotional expressions were analyzed by a group of healthy people according to their own understanding in this study. Several markers were placed on different parts of the face to track the kinematic features of the facial expressions (ie, the amplitude and peak velocity). However, multiple facial muscles are used while expressing emotions. This may have contributed to the different results. Previous studies have suggested the existence of "shared models", in which individuals mainly rely on processes that simulate the same emotional state in themselves when recognizing emotions expressed by others.[@b10-ndt-13-2891] These models are similar to mirror neurons, which have been demonstrated in the inferior frontal gyrus and can be activated by both observing and executing the same action.[@b30-ndt-13-2891],[@b31-ndt-13-2891] In addition, in a functional MRI study, while subjects were either observing or imitating facial emotional expressions, a largely similar network of brain areas was activated.[@b32-ndt-13-2891] Vocal emotional studies have also reached similar conclusions.[@b33-ndt-13-2891],[@b34-ndt-13-2891]

In this study, there was also relationship between facial and vocal tasks during both recognition and expression of emotions. This correlation is novel, but recent findings have suggested that facial and vocal emotional information interact with each other.[@b35-ndt-13-2891]

However, there are certain limitations to this study. First, we recruited a relatively small sample. The influence of other factors, such as age, gender, or anti-PD drugs, was not specifically investigated. Studies have found a relation between levodopa and vocal performance: short-term levodopa administration or long-term dopaminergic medication administration can lead to a degree of improvement in vowel articulation in early PD.[@b36-ndt-13-2891],[@b37-ndt-13-2891] Second, PD is a clinically progressive disease and may have different subtypes. Thus, other stages (eg, the earlier or more advanced disease stages) or different disorder subtypes may have different impacts on emotional processing. Future studies should recruit patients with various PD stages and subtypes to clarify this issue. Third, we only evaluated posed expressions rather than spontaneous facial or vocal expressions. The pathophysiology of spontaneous emotional expressions may differ from that of posed expressions. Fourth, we did not conduct functional imaging, which prevents us from analyzing correlations between behavioral results and brain activation area. Finally, all the patients in our study were pre-DBS patients, and postoperative patients were excluded. Hence, we cannot compare emotional cognitive ability changes before and after surgery.

Conclusion
==========

Our data provide novel information on altered emotional processing in pre-DBS PD using two sensory modalities. Facial emotion deficits and vocal emotion abnormalities were associated. The PD group exhibited poorer performance than the HC group on both tasks. In addition, our data allow us to speculate that emotional recognition and expression may share a common system.
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![Facial emotion recognition task for the PD group (dark blue) and the HC group (light blue): (**A**) total score for all emotions and (**B**) sub-scores for single emotion. Vocal emotion recognition task for the PD group (dark blue) and the HC group (light blue): (**C**) total score for all emotions and (**D**) sub-scores for single emotion. Higher scores represent better performance. Data presented as mean ± SD. Asterisks indicate a statistical difference between groups (*P*\<0.05).\
**Abbreviations:** PD, Parkinson's disease; HC, healthy control.](ndt-13-2891Fig1){#f1-ndt-13-2891}

![Facial emotion expression task for the PD group (dark blue) and the HC group (light blue): (**A**) total score for all emotions and (**B**) sub-scores for single emotion. Vocal emotion expression task for the PD group (dark blue) and the HC group (light blue): (**C**) total score for all emotions and (**D**) sub-scores for single emotion. Higher scores represent better performance. Data presented as mean ± SD. Asterisks indicate a statistical difference between groups (*P*\<0.05).\
**Abbreviations:** PD, Parkinson's disease; HC, healthy control.](ndt-13-2891Fig2){#f2-ndt-13-2891}

![RT in the emotional expression test for the PD group (dark blue) and the HC group (light blue): (**A**) all emotions and (**B**) single emotion. Vocal emotion expression test for the PD group (dark blue) and the HC group (light blue): (**C**) all emotions and (**D**) single emotion. Shorter RT represents better performance. Data presented as mean ± SD. Asterisks indicate a statistical difference between groups (*P*\<0.05).\
**Abbreviations:** RT, reaction time; PD, Parkinson's disease; HC, healthy control.](ndt-13-2891Fig3){#f3-ndt-13-2891}

![Confidence level in the emotional expression test for the PD group (dark blue) and the HC group (light blue): (**A**) all emotions and (**B**) single emotion. Vocal emotion expression test for the PD group (dark blue) and the HC group (light blue): (**C**) all emotions and (**D**) single emotion. Data presented as mean ± SD. Asterisks indicate a statistical difference between groups (*P*\<0.05).\
**Abbreviations:** PD, Parkinson's disease; HC, healthy control.](ndt-13-2891Fig4){#f4-ndt-13-2891}

![Correlation between RT and confidence level: facial emotion expression test for (**A**) the HC group (light blue) and (**B**) the PD group (dark blue); vocal emotion expression test for (**C**) the HC group (light blue) and (**D**) the PD group (dark blue).\
**Abbreviations:** RT, reaction time; HC, healthy control; PD, Parkinson's disease.](ndt-13-2891Fig5){#f5-ndt-13-2891}

![Correlation between emotional recognition and emotional expression for the HC group (light blue) and the PD group (dark blue): (**A**) facial recognition task and vocal recognition task, (**B**) facial recognition task and facial expressivity task, (**C**) vocal recognition task and vocal expressivity task and (**D**) facial expressivity task and vocal expressivity task.\
**Abbreviations:** HC, healthy control; PD, Parkinson's disease.](ndt-13-2891Fig6){#f6-ndt-13-2891}

###### 

Demographic and clinical data of participant groups

                             PD (n=15)       HC (n=15)    *P*-values
  -------------------------- --------------- ------------ ------------
  Gender ratio               4F/11M          4F/11M       
  Age (years)                61.73±8.59      61.67±7.75   0.98
  Education (years)          8.8±3.30        8.6±3.25     0.87
  MMSE                       28.07±0.88      28.13±0.92   0.84
  MOCA                       26.2±1.08       26.93±0.96   0.06
  Disease duration (years)   7.93±2.31                    
  H&Y                        2.53±0.74                    
  LEDD                       393.96±199.69                
  UPDRS III                  29.87±15.63                  

**Notes:** Data presented as mean ± SD. *P*-values \<0.05 were considered statistically significant.

**Abbreviations:** PD, Parkinson's disease; HC, healthy control; MMSE, Mini Mental State Examination; MOCA, Montreal Cognitive Assessment; H&Y, Hoehn and Yahr staging scale; LEDD, levodopa equivalent daily dose; UPDRS, Unified Parkinson's Disease Rating Scale.

###### 

Emotional recognition score in PD and HC

  Recognition score (%)   PD (n=15)     HC (n=15)     *P*-values
  ----------------------- ------------- ------------- ------------
  KDEF total score        55.56±3.73    72.00±3.70    0.000^\*^
   Neutral (n=10)         72.00±9.84    90±9.56       0.361
   Happiness (n=10)       94.00±11.09   94.67±12.49   0.127
   Sadness (n=10)         80.00±25.72   91.33±10.45   0.003^\*^
   Fear (n=10)            53.33±32.81   61.33±21.73   0.175
   Anger (n=10)           29.33±18.65   40.67±24.23   0.016^\*^
  MAV total score         65.87±8.53    75.60±4.29    0.000^\*^
   Neutral (n=10)         82.00±9.96    86.67±12.17   0.001^\*^
   Happiness (n=10)       98.00±4.50    90.67±13.77   0.901
   Sadness (n=10)         52.00±17.16   78.67±18.27   0.213
   Fear (n=10)            44.67±17.23   56.00±18.65   0.528
   Anger (n=10)           56.67±14.82   76.00±6.67    0.256

**Notes:** Data presented as mean ± SD. Asterisks indicate a statistical difference between groups (*P*\<0.05).

**Abbreviations:** PD, Parkinson's disease; HC, healthy control; KDEF, Karolinska Directed Emotional Faces; MAV, Montreal Affective Voices.

###### 

Emotional expressivity score in PD and HC

  Expressivity score (%)   PD (n=15)     HC (n=15)     *P*-values
  ------------------------ ------------- ------------- ------------
  Facial total score       55.56±3.73    72.00±3.70    0.000^\*^
   Neutral (n=15)          79.56±27.43   92.44±10.04   0.098
   Happiness (n=15)        72.44±42.00   87.11±26.12   0.261
   Sadness (n=15)          35.56±34.61   47.56±38.45   0.377
   Fear (n=15)             60.89±43.27   81.33±22.85   0.117
   Anger (n=15)            29.33±33.12   51.16±45.25   0.136
  Vocal total score        62.04±1.18    73.88±4.65    0.000^\*^
   Neutral (n=15)          77.38±32.15   97.80±6.98    0.023^\*^
   Happiness (n=15)        80.00±34.09   92.00±11.60   0.207
   Sadness (n=15)          45.78±42.08   43.11±41.39   0.862
   Fear (n=15)             51.56±34.04   56.89±32.84   0.666
   Anger (n=15)            55.56±41.15   81.33±24.97   0.047^\*^

**Notes:** Data presented as mean ± SD. Asterisks indicate a statistical difference between groups (*P*\<0.05).

**Abbreviations:** PD, Parkinson's disease; HC, healthy control.

###### 

RT in facial and vocal expression

  RT (seconds)        PD (n=15)   HC (n=15)   *P*-values
  ------------------- ----------- ----------- ------------
  Facial total RT     3.46±0.76   3.05±0.45   0.084
   Neutral (n=15)     3.39±3.25   3.25±1.98   0.202
   Happiness (n=15)   3.43±3.34   2.29±1.48   0.000^\*^
   Sadness (n=15)     3.51±2.79   3.48±2.05   0.054
   Fear (n=15)        3.50±2.52   3.10±1.87   0.049^\*^
   Anger (n=15)       3.48±2.45   3.14±1.74   0.205
  Vocal total RT      2.95±0.39   2.68±0.25   0.004^\*^
   Neutral (n=15)     2.89±1.32   2.24±0.87   0.000^\*^
   Happiness (n=15)   3.00±1.60   2.51±0.86   0.010^\*^
   Sadness (n=15)     2.95±1.54   2.83±1.01   0.240
   Fear (n=15)        2.94±1.43   2.90±1.05   0.357
   Anger (n=15)       3.00±1.50   2.92±1.19   0.879

**Notes:** Data presented as mean ± SD. Asterisks indicate a statistical difference between groups (*P*\<0.05).

**Abbreviations:** PD, Parkinson's disease; HC, healthy control; RT, reaction time.

###### 

CL in facial and vocal expression

  CL                  PD (n=15)   HC (n=15)   *P*-values
  ------------------- ----------- ----------- ------------
  Facial total CL     1.80±0.29   3.93±0.21   0.000^\*^
   Neutral (n=15)     1.67±1.01   4.14±1.06   0.000^\*^
   Happiness (n=15)   2.44±1.35   4.40±1.04   0.000^\*^
   Sadness (n=15)     1.53±0.76   3.40±1.04   0.000^\*^
   Fear (n=15)        2.04±0.96   3.91±1.00   0.000^\*^
   Anger (n=15)       1.31±0.59   3.80±1.18   0.000^\*^
  Vocal total CL      1.81±0.20   3.31±0.33   0.000^\*^
   Neutral (n=15)     2.22±1.02   4.15±1.25   0.000^\*^
   Happiness (n=15)   2.11±0.95   3.61±1.32   0.000^\*^
   Sadness (n=15)     1.65±0.88   3.18±1.33   0.000^\*^
   Fear (n=15)        1.71±0.88   2.85±1.48   0.000^\*^
   Anger (n=15)       1.38±0.68   2.77±1.44   0.000^\*^

**Notes:** Data presented as mean ± SD. Asterisks indicate a statistical difference between groups (*P*\<0.05).

**Abbreviations:** PD, Parkinson's disease; HC, healthy control; CL, confidence level.

###### 

Correlation between RT and CL

                      Groups   Number   Spearman ρ   *P*-values
  ------------------- -------- -------- ------------ ------------
  Facial expression   HC       1125     −0.395       0.000^\*^
  PD                  1125     −0.040   0.176        
  Vocal expression    HC       1125     −0.235       0.000^\*^
  PD                  1125     −0.198   0.000^\*^    

**Note:** Asterisks indicate a statistical difference between groups (*P*\<0.05).

**Abbreviations:** RT, reaction time; CL, confidence level; HC, healthy control; PD, Parkinson's disease.

###### 

Correlation between emotional recognition and emotional expression

                                             Number   Pearson *r*   *P*-values
  ------------------------------------------ -------- ------------- ------------
  Facial recognition and vocal recognition   30       0.436         0.016^\*^
  Facial recognition and facial expression   30       0.436         0.016^\*^
  Vocal recognition and vocal expression     30       0.891         0.000^\*^
  Facial expression and vocal expression     30       0.391         0.033^\*^

**Note:** Asterisks indicate a statistical difference between groups (*P*\<0.05).

[^1]: These authors contributed equally to this work
